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(54) DISTRIBUTED FEEDBACK SEMICONDUCTOR LASER ELEMENT 

(57)Abstract: 

PROBLEM TO BE SOLVED: To provide a distributed feedback 
semiconductor laser element which stably oscillates in the oscillation 
wavelength longer than the peak wavelength of the optical gain distribution 
of an active layer, shows a large sub-mode suppression ratio (SMSR), 
assures good single mode property of vertical mode even when amount of 
de-tuning is large, and also assures higher resistance for reflected returning 
beam. 

SOLUTION: A laminate structure of InP buffer layer 14, an active layer 16, 
a InP spacer layer 18 in the thickness of 200 nm, a GalnAs diffraction 
grating 20, and a InP clad layer 22 embedding the diffraction grating is 
provided on a InP substrate 12. The band gap wavelengths of active layer 
and diffraction grating are about 1540 nm and about 1510 nm. The laminate 
structure is etched in the shape of mesa-stripe and a current pinching 
regions of pn isolation are formed in both sides of the mesa-stripe. An 
absorption coefficient for the peak wavelength of the optical gain 
distribution of active layer is larger than that for the oscillation wavelength. 
Moreover, the light emitting end surface and rear end surface are coated to 
provide the end surface reflectivity of 10% and 90%. 
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^0 -?-©J!§£\ ^KHSffllC&ttS Amax ttifi©:? 7 

14, Sl2fctfSf§2©56BJ!TI4. tefflia^W&'fblCJftDT 
^a-— >^*©«»fl[ I A e - Amax I tf*JEfcU 

Ml A e -Amax I ©i^i*«3 0 nmWlt&ofct 
life, «*-F©*—*— Fte^fcHtttttfAJrc 1 , 

b*^^m^^^^iii<, fc&moytw&tf 

sambas. n§ isixig2 ©3*91-?, ytmtimm 

«:iB«6-5^T. m#^®fflij©SiS®K#t3?£ 1 0%«±2 
J0 O^Jy.TJCT-SCt^ifSbVi. 
[0 0 3 2] 

iftwnnmo&m] otic sufi^sM^^tf. sstt 

lCittBJ-T-5. 

1 



*su&jg&w4. mi%.zf&2<n&wiz%zftififfimM 

¥m&l>— -tfm^^-^WlC— OWD F B b— tf^TlC 

afflbfc*«»»©— «r*t>T. 0 1 i-£*mmmmm 
40 «0 1 cdscsi i - i n^mitis— *fm?cowiwm-c$> 

»fli!)SS^¥«^b— tf^^l 0»4. ^ig^gAe * 1 
5 5 0 nml;, IU»f» : 3F-*f<Ef©n> F** y^ifigAg 
S151 OnmlC, S14^©2 5 t#ifi€i3t|i|f 
tf-i'StSAmax * 1 5 3 0 nmlC^bitJii*^*-^ 

Bb— tf^7 o hmKmmw&zffiz.* tutoi&WRzf 
so '&mmt. ^-ti^no^ffiRW^^ 1 o %siX9 o %ic 
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[0 0 3 3] D F B l/-tf 1 Ott, n - I n PIffi 
12±tC MOCVDffi^iaot, mfr. xW + y 
■Wl'fifcfiSltfc. KIP 1 MmOn- I n P/Vy77B 1 
4, MQW-S CHSttJg 1 6, lH2 0 0 nm(Op- 
InPX^118, iSSA^2 4 0 nmT$)oT, 
mm 2 0 nmtf)G a I n A s P Mfr 5 ft£ [iltfrte^ 2 
0, &tf[H]#f*&^2 0£Jitf>^£:p- I nPI1^77 
y HIS 2 2 <7)«JlfflifiS:«AT^*. 1 6 OftfiJ 

t#^ffiOtf— ^iftfiAg \,Z$) 1 5 3 0 nmt^D, leltff 
t&^2 0<Dn> F=F^ y^ftfiAg te&J 15 10 nmT 

[0 0 3 4] n - I n Plil 2<D±M+ RZfm®mm 
*«lJctSn-InPAy77ai4, iSttBl6, p 
- I n PX'*— U-JB 1 8. [nl#r*&^2 0, &tf|§I&r» : F 
2 0*S*aAf«:p- InP»l*?yHi22tt, » 

^^^ipisnT^s. fit, p<itx h^-r y^r^fsij 

tcteu p — I nPI2 4Rtf n — I nP12 6 A* 5ft & 
*t U 7^ P 7 ^M^M^ntl^o HlC, DFB 
IfSt^l Ott, I nPll^77 HI2 2&tfn- 
I n PI2 6±fC, IKJP2 /xmOp- I nP82?7y 
KI2 8, Stf *i« T F-^Sftfc p - G a I n A s 

Ti/Pt / Au<0«B^JRI»^5ftS pfflj«ffi3 2, 
1 2 CORSICA u G e N i a>5ft£ nfflSfWB 3 
4£<I*.T^£o 

[0 0 3 5] *^Jfi*fiB«Ttt, /OH*t7^A 
g ifitQl 5 10 nmCOGa InAs PTIsIfiftft^ 2 0 £ 
£K<fcD, 0Sr#^ 2 0 Tte, A>F«B©"T 

SCO 1 5 3 0 nmttiST#^<0©JDW£U£fc<0<Z)> 3£ 
fi»ft£LT»5£Lfc 1 5 5 0 nmttiacD&gtCttLT 
tt, fc£^£flftiR#S&ftl*. EPtS, »ttJBCD3t*iJ»» 

tf>fcf-^&gl 5 3 0 nmiDFBU-tfl 0 <£>58igS: 
fil 5 5Onm0Wl:»)6tSutlC<koT, *£ft© 

[0036] *nmj&mm<DD f b tf i o 

0%<7)BI£:, »J8BlcttJ8ffiS»*^9 OXOBiKW* 

«TKST«fc3fcSlSiS**:»&. D F B U~ tfSH* 1 
Ott, fl»3S:#-t-Kt«SLT«fiL, BJ^E-Fffll 
EEttt. IT4 5 d B- 5 0 dB©*Sftlt^6nfc. 
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f7) TH C(0«fc5ft*€rftB]*-Fj0ffiJtttl#&ft 
■ ^f3 5dB-4 0dBggT*l., 
[0 0 3 7] *fc, EgM@S5fe9mA<h®<, fgft#j*£ 
*>t£3fcSDFB ls-*fm?£ it KLTiflttftfrofc. 

/hS^tSbft*. f IT, lelSf fc? 2 0 Af&ttJI 1 6 

-5£M&mffl z nrz ztiz^o. BJ^--F«jjEj*a*&ii 

(15 10nm) ^fiE3K^)DFB U-1f^<OHI»ft&^ 
WA>H^t7^gA g . MAtfl 2 0 0 nmiOfe 

1 nPlcoitfr^i^^<^§^t% p-InPX 

tfJil 8<*>ffil/S£/P< UTIBSrft^ 2 0 ^Stti 1 
6*6iLTfe, +#K**ftliI#»^l8£«**f»* 

[0 0 3 8] MM (+85t) fC^ttSffa- 

— >^*tt, 150 nm (A max — A e ) T*£fc«{>, L 
S^fii»fe2 6mAtfi»t*o&. MK* ffiffl (- 
4 0t) IC*1>T. rfa-x>W+4 0nmgS 
T*0, "ffl««HRI**t> 1 0 KTa*tC*>rt>a>to6 
t*, ^E-H^BSOttS 5 CCD 
CiH 2 OlCcfcoTAmax ttm<D7T?V ' 

^SBSBKi**^! 0%T*SO"C, 3ta*S****0. 3 

2 (W/A) <hBK. EI#R0>lfiBtt*B0*)**^ 

[0 0 3 9] ^TlC, H3 2fetXH4€#RabT, fklim 
mm l^DFB Is—Vm? 1 0 (DUrMJjfe&WtWr 
S3 (a) a* (c) , (d) <h (e) tt, * 

n*n, nmmrnm 1 cod f b tf*^ 1 o ^f^^-r 

^^COX^ffiCO^fS^Tfe^o ^3liil (D^m I - I 

MOCVD«ft«*«Hftffllr^ fi£g®S6 
0 orT, n- I n PSfil 2±IC, JH*, mm 1 Mm 
Wn-InP/\'777@H, MQW-SCHgttll 
6> 0iP2 0 0 nmCOp- I n PX^- !tJB 1 8, XIX 
M^2 0 nm<7)G a I n A s P[Hl&r*&^^ 2 0 ' £xt! 
^^x^JI/^SS-frT, m3 (a) id^Kf cfc^JC, ffilB 

[0 0 4 0] lHlffrt&^®2 0' Jifcm^hi-A 

(EB) ffimmUiSX h^lOO nmOBSTS* 
5^ EBSffigSfCcfc OilLT, H«A*2 4 0 nm 
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2 3^mu mmzp- i n px^—*m 1 8 &mm 

03 (b) \ZtkTJzo\Z. 08r» : F2O*»rtt 

CVDJBftJ«fiSB^«fcoT, 03 (c) fc«?-J:5 
IC, H»#T 2 0 ta»i& & p-InPJgl??yHi 

2 2 £S/&fi£i±So 

[0 0 4 1] ^C, p- I n PS1 FB2 2±K 

S i N X K&^XvCVDglSffl^T^it, JI*H 

(RIE)fCctO, S I Nx h5-f ^JBttlClaX 

IT, S i N X I^X^2 5^Mt§o S i 

N X IVX^ 2 5^X7f>^X^d:LT> p-In 
PI1^7yH122 (imSr»T2 0) , p-InPX 
ItJf 1 8, ?£ttS 16, n — I n P/ty77l 1 4 
Rtf n- I n PSfi 1 2^±^X 7 f>^lT> ffitt 
BB*U. 5 ummmcD^VX Vv-i y^OXTSo M 
IC, S i N X R^X^ 2 5 £2iiRf£g-7X^cLT> MR 
p- I n PM 2 4*5 c fctfn- I n PI2 6 £iltRfig 
S£itT, 134 (d) IC^Vf h^-f 

[0 0 4 2] S iN x i7X^7 2 5 ^iSbfe 

0 4 ( e ) tC^cTcfc o \Z, mm 2 u m<D p-InP 
S2^7yHB28t» p<M®ffi3 2d:t-^7^3> 
h^K^fci^^iSjSSJc: K-^LfcG a I n A s JS 

S«JP**1 2 0/imiflEl:&5J;5i:n - I n Pg*£ 1 
2<Z>Bffi&WBU i^T3>^^M3 0±lCTi/ 
P t / A u »B&MM£ p 3 2 i LT»« S 

KiSC^AuGeN il$nii!3 4(tLTMt 

a»»ffifcttiEi** i o %, »«»iBicttSi** 
9 o%®i3-f^ >^*asLfc«, *>tV>^-t 

[0 0 4 3] *^Jfi«88fi»JTtt, lHJtFr*& J ?2 0C0A*> H 

iStJ»*ctiCcto, Jisswfciasr*^ tmw<D i n p 

JB«>JBfifsPSS*^#<?a:oT^S(7)T, G£$fc<DD FBI/ 
— tf*^<fcOt>0Sf*^ 2 OSrfSttJS 1 6*5«LT 

te, [Hltff*&^OH»f^^3. 4 9, ElSf^oaHO I 
n P/g<Z>ja#T3W3. 1 7Tc&S<£>T, H&r*i£tt0. 

3 2<fc^^^o HSr^ss^fro^afiasftt^iSttJi 

0. 2 5R±*tltf^Vn 
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[0 0 4 4] USS^^^J 1 TfcL 1 5 5 0 nmWDF 

*f 2 0*ElLfc^ BKEBLTfc, * 

[0 0 4 5] 

mi ©Bipnc^ntf, 

70 ftA e C»t4M**Oe i0t>**<)5i:*ft^lll* 

So eintCcfcO, SttJB03ttM#»#0i;— ^JftiA 
max #2T07 7^U • ^ D-^E- H ?>5£ig£lfll3!fl-r S 

EEtfc (SMSR) **S<TSdt*«T#rS»#!l»aa! 
¥i#l/-lf^SbT^I)o Sft, 77 — 

fct, HJSf «ffifc:*BB5EI*sprt* 1 0 %Sl± 3 0 %KlT<Dm 

[0 0 4 6] w,2<Dmw\z&n\x, m, i <Dmf\v>$)%:\z 

m^X, KKSS^OH^t^yiSElAg £DFBU 
— -tfttSSBSfiAe i©M*R3&«, 0<A e - A g ^1 0 
0nm<OH«i:*9t, DFBI/- If GOfEgiftg A e Ifi 

P /■ £ L fc <!: €N liI»f»^JBi: I n P«t*ii*Jit<^Ja 

<T*CtffW, B9Hft?B4>IUP. 

(Duty) Jt(CJ:oTiB^«Sc^K,U8t<^:Sfc 

[HBaflMtttKH] 

[HI] **»B«1©¥»*U— ^TOfllJB**-*- 

[02] hi i - i <D*m{*u-*fmT<Dmffim 

T*So 

[03] H3 (a) *S (O tt, *n*tl, Hffi^ffi 
0U 1 ©^SI^U-lf^ftfPB-rsiR^XStfOWfffiH 
T*So 

[04] 04 (d) t (e) it. ^n-en, 03 (c) 
»c9l«tt^T. *«»ffl«l(04 £ W#U--1f* : ?*fPB 
-TSfS^Xg^cO^fSHTfeoT, B10ft«II-IIT 
^)©rffiT&So 

5^ [05] 05 (a) SI/ (b) tt, *ft-6n. mi^St 
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^ max » ^ g 



[07] H6©^«III -III 0»*»«S!*9Wt:U- 

[08] 08 (a) (b) -en-en, ^20% 
1 0 nsG^is^j 1 cod f b u— tr*? 

12 n - I n Plffi 

14 n — I nPA*7 7 7 

1 6 MQW— SCHgtt, 
18 p-In PXV*, 

2 0 mtfrte^ 
20' GalnAsi 
2 1 0#r#RV^-> 

2 2 \3\ffi& z F*&Mtb&/uf£v> - InP*U?yH 
2 3 
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2 4 p-InP 

2 6 n-InP 

2 8 p- I n PS2^77 H 
30 p-GaInAs3>^n 

32 p 

3 4 n ffllQS 

4 0 nmz&LtzD f b \s— *fm? 

4 2 n - I n PS1S 

4 4 n-InPA*777l 

^ 4 6 MQW-SCHf£ttH 

4 8 p — I n PX^- It® 

5 0 laSfft^ 

5 2 ®m&¥&m*b&/utiv- InPSl^^yH 

5 4 p - I n P 

5 6 n-InP 

5 8 p-InP*2?7yH. 
60 p -G a I n A s Z2 b 

6 2 p 
6 4 n 



1] 



[03] 




(a) 



10 £ftfc&ffiffl10)DFBL/- 

12 n-tnP&ffit 

14 n-<nP/<!y 7?8 

18 MQW-SCH5§t4S 

IB p-(nP^^-^H 



22 agf4»«a»iiA3e 

28 n-lnPH 

28 RnP»2^77 KW 
30 pGfrinAs=i>*? KH 
32 pffftl 
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20 (20 1 ) 
18 



14 
12 
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[H4j 



(d) 



32 
30 

28 

22 
20 
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[05] 
(a) 



u 




Xe - Xg ~300nm 



Xmax Xe 
Xmnx— ► Xe 

(b) 

— Xg — lOOnm 




Xmax 

Xim*"- Xe 



16 18 14 



14 



12 
34 



(e) 




(a) 



Lf 



Xe-Xg cQMOOnm 




(b) 



Xe -Xg°Q~ lOOnm 




Xg xe 



[06] 



40 




4 0 S5ttlC#LfcDF BI/-1T3R^ 

4 2 n - I nPSfi 

4 4 n - I n 7 rfl 

4 6 MQW-SCHfilttfl 

4 8 d - I n P**<— 

5 4 p - I n P« 
5 6 n-InPJI 

5 8 p-InP®2^5?K)9 

6 2 pffl«fc 

B 4 nfttSS -. 
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[0 7] 


1 62 
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——60 
58 

tr- ' 52 
50 
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— — 42 
^ 64 
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